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(57)  Atime delay valve (10) comprising: a switching
valve (18) that switches between a first position and a
second position; an urging member (20) that urges the
switching valve (18) toward the first position; a driving
mechanism (22) that urges the switching valve (18) to-
ward the second position located opposite the first posi-
tion in the presence of the pressure of a pilot fluid being
supplied; a pilot flow channel (36) that introduces the pilot
fluid to the driving mechanism (22); and a delaying mech-
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anism (24) that delays the switching timing of the switch-
ing valve (18), wherein the delaying mechanism (24) in-
cludes a first throttle valve (34) provided on the pilot flow
channel (36), acompensation mechanism (26) thaturges
the switching valve (18) toward the first position in the
presence of the pressure of the pilot fluid being supplied,
and a compensation flow channel (44) that is branched
from the pilot flow channel to introduce a portion of the
pilot fluid to the compensation mechanism (26).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a time delay
valve and a flow rate controller for performing a delay
operation in a fluid circuit.

BACKGROUND ART

[0002] Conventionally, various valves (time delay
valves) for performing a delay operation have been pro-
posed. Such a time delay valve is used, for example, for
two-stage speed controlin which a fluid pressure cylinder
operated by fluid pressure is switched from a first speed
(high speed) to a second speed (low speed). Such two-
stage speed control is effective in reducing the impact at
the stroke end of the fluid pressure cylinder, shortening
the cycle time by increasing the operation speed, and
the like.

[0003] Various time delay valves have been proposed
which utilize the supply pressure of a pilot fluid to operate
the valve. In this case, a throttle and a volume portion
are used in the delay mechanism, and the switching op-
eration of the valve is performed at the timing when a
predetermined amount of pilot fluid is supplied to the vol-
ume portion (for example, JP 5632914 B2, JP 4595411
B2, JP 3161965 B2, and JP 2001-050204 A). It is also
known to use the above delay mechanism in a two-speed
switching flow rate controller (for example, JP 5578502
B2 and JP 5756984 B1) .

SUMMARY OF THE INVENTION

[0004] However,the conventional time delay valve has
a problem that when the supply pressure of the pilot fluid
fluctuates, the flow rate of the pilot fluid passing through
the throttle of the delay mechanism fluctuates and the
timing at which the valve is switched varies.

[0005] Therefore, when the time delay valve is used in
a place where the pressure tends to fluctuate, such as a
pressure line in a factory, the switching timing of the time
delay valve varies. As a result, since the operation time
of each of the devices using the time delay valve varies,
it is necessary to provide a predetermined waiting time
in consideration of the variation in the operation of de-
vices, which causes a problem that the cycle time is pro-
longed.

[0006] Therefore,itisan object of the presentinvention
to provide a time delay valve and a flow rate controller
capable of suppressing the influence on the switching
timing due to the fluctuation of the supply pressure of the
pilot fluid.

[0007] According to one aspect of the present disclo-
sure, there is provided a time delay valve including a
switching valve configured to be switched between a first
position and a second position, a biasing member con-
figured to bias the switching valve toward the first posi-
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tion, a drive mechanism configured to bias the switching
valve toward the second position under an action of a
supply pressure of a pilot fluid, a pilot flow path configured
to guide the pilot fluid to the drive mechanism, and a
delay mechanism configured to delay switching timing of
the switching valve, wherein the delay mechanism in-
cludes a delay throttle valve provided in the pilot flow
path, and a compensation mechanism configured to bias
the switching valve toward the first position under an ac-
tion of the supply pressure of the pilot fluid.

[0008] According to another aspect, there is provided
aflow rate controllerincluding afirst supply and discharge
path configured to supply and discharge fluid to and from
one port of a fluid pressure cylinder, a second supply and
discharge path configured to supply and discharge fluid
to and from another port of the fluid pressure cylinder,
an operation switching valve configured to switch and
connect a fluid supply source and a fluid discharge unit
to the first supply and discharge path and the second
supply and discharge path, the fluid supply source being
configured to supply a control target fluid and the fluid
discharge unit being configured to discharge fluid, and
time delay valves provided in the first supply and dis-
charge path and the second supply and discharge path,
respectively, wherein each of the time delay valves in-
cludes a switching valve configured to be switched be-
tween a first position and a second position, a biasing
member configured to bias the switching valve toward
the first position, a drive mechanism configured to bias
the switching valve toward the second position under an
action of a supply pressure of a pilot fluid, a pilot flow
path configured to guide the pilot fluid to the drive mech-
anism, and a delay mechanism configured to delay
switching timing of the switching valve, and wherein the
delay mechanism includes a first throttle valve provided
in the pilot flow path, and a compensation mechanism
configured to bias the switching valve toward the first
position under an action of the supply pressure of the
pilot fluid.

[0009] According to the time delay valve and the flow
rate controller of the above-described aspects, it is pos-
sible to suppress the influence on the switching timing
due to the fluctuation of the supply pressure of the pilot
fluid.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

FIG. 1 is a fluid circuit diagram of a time delay valve
according to a first embodiment;

FIG. 2 is a perspective view of the time delay valve
of FIG. 1;

FIG. 3 is a cross-sectional view of the time delay
valve of FIG. 2 taken along line IlI-Il;

FIG. 4 is a perspective view of a spool of FIG. 3;
FIG.5is afluid circuitdiagramillustrating an example
of connection of a drive circuit to the time delay valve
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of FIG. 1;

FIG. 6 is an explanatory diagram illustrating the op-
eration of the time delay valve of FIG. 1;

FIG. 7 isagraphillustrating the influence on the delay
time (switching timing) by the fluctuation in the
charge pressure of the pilot air of the time delay valve
according to Comparative Example;

FIG. 8 is a graph showing the influence on the delay
time (switching timing) by the fluctuation in the
charge pressure of the pilot air of the time delay valve
according to the first embodiment;

FIG. 9 is a fluid circuit diagram of a time delay valve
according to a modification of the first embodiment;
FIG. 10 is a fluid circuit diagram of a flow rate con-
troller according to a second embodiment;

FIG. 11 is a perspective view of the flow rate con-
troller according to the second embodiment;

FIG. 12is a schematic diagram illustrating an exam-
ple of connection arrangement to the flow rate con-
troller of FIG. 11 and a fluid pressure cylinder;

FIG. 13 is a timing chart illustrating the operation of
the flow rate controller of FIG. 10;

FIG. 14 is a fluid circuit diagram illustrating the op-
eration of the first module of the flow rate controller
of FIG. 10 (part 1);

FIG. 15 is a fluid circuit diagram illustrating the op-
eration of the first module of the flow rate controller
of FIG. 10 (part 2);

FIG. 16 is a graph illustrating loci of a fluid pressure
cylinder connected to a flow rate controller according
to Comparative Example 2 and charging character-
istics of a first module according to Comparative Ex-
ample 2;

FIG. 17 isagraphillustrating loci of the fluid pressure
cylinder connected to the flow rate controller accord-
ing to the second embodiment and charging charac-
teristics of the first module according to the second
embodiment;

FIG. 18 is a fluid circuit diagram illustrating the op-
eration of the first module of the flow rate controller
of FIG. 10 (part 3);

FIG. 19 is a fluid circuit diagram illustrating the op-
eration of the first module of the flow rate controller
of FIG. 10 (part 4);

FIG. 20 is a graph illustrating return response char-
acteristics of afirst module according to Comparative
Example 3; and

FIG. 21 is a graph illustrating return response char-
acteristics of the first module of FIG. 10.

DESCRIPTION OF THE INVENTION

[0011] A preferred embodiment of a time delay valve
and a flow rate controller according to the present inven-
tion will be described in detail below with reference to the
accompanying drawings.
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(First Embodiment)

[0012] A time delay valve 10 of the present embodi-
ment shown in FIGS. 1 and 2 is mounted on a cylinder
or a drive circuit of various fluid pressure devices, and is
used for a pneumatic device or the like in a production
line of afactory. The time delay valve 10 is used to control
aflow rate of a control target fluid such as air. The control
target fluid and the pilot fluid are not limited to air.
[0013] As shown in FIG. 1, the time delay valve 10 of
the present embodiment includes, inside a main body
12, afirst flow path 14, a second flow path 16, a switching
valve 18, a biasing member 20, a drive mechanism 22,
a delay mechanism 24, a compensation mechanism 26,
and a return mechanism 28. Among them, the first flow
path 14 and the second flow path 16 are flow paths
through which the control target fluid flows, and are flow
paths that connect a first connection port 30 and a second
connection port 32 of the main body 12.

[0014] The first flow path 14 and the second flow path
16 are flow paths provided in parallel, and a path through
which the control target fluid flows is selectively switched
between these flow paths, by a switching operation of
the switching valve 18. The second flow path 16 is pro-
vided with a first throttle valve 34 for throttling a flow rate
so as to pass the control target fluid under a condition
different from that of the first flow path 14. The first throttle
valve 34 may be provided in the first flow path 14 instead
of the second flow path 16. Alternatively, the first throttle
valve 34 may be provided in both the first flow path 14
and the second flow path 16. Further, the first throttle
valve 34 is not limited to a variable throttle valve having
a variable flow rate, but may be a fixed throttle valve that
allows a fluid to pass therethrough at a constant flow rate.
[0015] The switching valve 18 is configured as a three-
port valve that can be switched between a first position
and a second position. At the first position, the switching
valve 18 causes the first connection port 30 and the sec-
ond connection port 32 to communicate with each other
via the first flow path 14. At the second position, the
switching valve 18 causes the first connection port 30
and the second connection port 32 to communicate with
each other via the second flow path 16. The switching
valve 18 is configured to be switched between the first
position and the second position by the biasing force of
the biasing member 20, the drive mechanism 22, the
compensation mechanism 26, and the return mechanism
28.

[0016] The biasingmember 20isa memberthat biases
the switching valve 18 toward the first position, and is
configured by, for example, an elastic member such as
a spring or rubber. In a state in which pilot fluid is not
supplied to the switching valve 18, the switching valve
18 is held at the first position by the biasing force of the
biasing member 20. The biasing member 20 has such
an elastic force that the switching valve 18 is not switched
to the second position by its own weight.

[0017] The drive mechanism 22 is a member that gen-
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erates a biasing force that biases the switching valve 18
toward the second position under the action of the pilot
fluid. The drive mechanism 22 includes a piston mecha-
nism disposed on an opposite side from the biasing mem-
ber 20 as will be described later, and generates a biasing
force corresponding to the supply pressure of the pilot
fluid. The drive mechanism 22 switches the switching
valve 18 to the second position at a timing at which its
biasing force exceeds the biasing forces of the biasing
member 20 and the compensation mechanism 26.
[0018] A pilot fluid is supplied to the drive mechanism
22 via a pilot flow path 36. The pilot flow path 36 is a flow
path that connects a pilot port 38 of the main body 12
and the drive mechanism 22, and guides the pilot fluid
flowingin from the pilot port 38 to the drive mechanism 22.
[0019] The delay mechanism 24 includes a delay throt-
tle valve 40 provided in the pilot flow path 36, a volume
portion 42 provided downstream of the delay throttle
valve 40, and the compensation mechanism 26. The de-
lay throttle valve 40 is provided with a throttle valve 40a
by which flow rate can be varied and a check valve 40b,
in parallel. The delay throttle valve 40 can adjust the in-
crease speed of the pressure of the pilot fluid acting on
the drive mechanism 22 by throttling the flow rate of the
pilot fluid flowing into the volume portion 42 via the pilot
flow path 36, and can thus adjust the switching timing of
the switching valve 18. The volume portion 42 is config-
ured as a volume of the pilot flow path 36 on the down-
stream side of the delay throttle valve 40 and as a volume
of the piston mechanism of the drive mechanism 22. If
necessary, a member such as a storage tank may be
added.

[0020] The compensation mechanism 26 is a member
that generates a biasing force biasing the switching valve
18 toward the first position. The compensation mecha-
nism 26 is connected to the pilot port 38 via a compen-
sation flow path 44 that branches off from the pilot flow
path 36 on the upstream side of the delay throttle valve
40. The compensation mechanism 26 is supplied with
the pilot fluid through the compensation flow path 44. The
compensation mechanism 26 generates a biasing force
toward the first position having a magnitude correspond-
ing to the supply pressure of the pilot fluid. That is, when
the supply pressure ofthe pilot fluid increases, the biasing
force of the compensation mechanism 26 increases.
When the supply pressure of the pilot fluid decreases,
the biasing force of the compensation mechanism 26 de-
creases. However, the biasing force of the compensation
mechanism 26 rises more quickly than the biasing force
of the drive mechanism 22. The biasing force that defines
the timing at which the switching valve 18 is switched is
increased or decreased in accordance with the supply
pressure of the pilot fluid.

[0021] Thereturn mechanism 28 is a memberthatgen-
erates a biasing force that biases the switching valve 18
toward the first position. The return mechanism 28 is con-
nected to the first flow path 14 via a return flow path 46.
The return mechanism 28 generates a biasing force hav-
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ing a magnitude corresponding to the supply pressure of
the control target fluid in the first flow path 14. The supply
pressure of the pilot fluid increases or decreases as to
the amount of the pilot fluid in the volume portion 42. The
return mechanism 28 stabilizes the return timing at which
the switching valve 18 is switched from the second po-
sition to the first position by causing the biasing force
corresponding to the supply pressure of the pilot fluid
(control target fluid) to act on the switching valve 18.
[0022] Next, a specific structure of the time delay valve
10 will be described with reference to FIGS. 2 to 4.
[0023] As shown in FIG. 2, the main body 12 of the
time delay valve 10 is formed in a rectangular frame
shape in which a front part 12a, a back part 12b, a top
part 12¢, and a bottom part 12d are integrated, and both
side portions thereof are opening portions 12e1 and
12e2. On both side portions of the main body 12, a plu-
rality of bosses 52 for attaching side plates 50 are pro-
vided at predetermined positions of the front part 12a,
the back part 12b, the top part 12c, and the bottom part
12d of the main body 12. Another time delay valve 10
may be connected through the opening portions 12e1
and 12e2. In the present embodiment, since a single time
delay valve 10 is used, a pair of side plates 50 are at-
tached so as to cover the opening portions 12e1 and
12e2 on the side portions.

[0024] The first connection port 30, a flow rate adjust-
ment knob 34a of the first throttle valve 34, and an ad-
justment knob 40c of the delay throttle valve 40 are dis-
posed on the front part 12a of the main body 12. In ad-
dition, the second connection port 32 is provided on the
back part 12b. A substantially cylindrical valve housing
portion 54 is provided between the top part 12c and the
bottom part 12d of the main body 12. The switching valve
18 is housed in the valve housing portion 54.

[0025] The first flow path 14 extends from the first con-
nection port 30 on the front part 12a toward the valve
housing portion 54. Connection ports 56 extend laterally
from side portions of the first flow path 14. Each of the
connection ports 56 is formed in a cylindrical shape and
extends to a side portion on an opening portion 12e1 side
and a side portion on an opening portion 12e2 side. A
sealing wall 56a is provided in each of the side portion
of the connection port 56 on the opening portion 12e1
side and an inner portion thereof on the opening portion
12e2 side. When a hole is drilled in the sealing wall 56a
as necessary and a plurality of time delay valves 10 are
connected to each other, the hole is used as a connection
opening for supplying a pilot fluid or a control target fluid
to an adjacent time delay valve 10. When only a single
time delay valve 10is used as in the presentembodiment,
drilling through the sealing wall 56a on the opening por-
tion 12e1 side and drilling through the sealing wall 56a
on the opening portion 12e2 side of the connection ports
56 are not performed, and the connection ports 56 are
sealed by the sealing walls 56a.

[0026] The first throttle valve 34 is connected to the
valve housing portion 54 at a position closer to the top



7 EP 4 163 503 A1 8

part 12c than the first flow path 14 is. For the first throttle
valve 34, the flow rate adjustment knob 34a is provided
on the front part 12a, and the flow rate of the second flow
path 16 can be adjusted by the flow rate adjustment knob
34a.

[0027] The delay throttle valve 40 is connected to the
valve housing portion 54 at a position closer to the top
part 12c than the first throttle valve 34 is. The pilot flow
paths 36 are connected to side portions of the delay throt-
tle valve 40. The pilot flow paths 36 are connected to the
valve housing portion 54 via the delay throttle valve 40.
The pilot flow paths 36 extend in a cylindrical shape to-
ward the opening portion 12e1 side and the opening por-
tion 12e2 side, and a sealing wall 36a is formed on each
of the opening portion 12e1 side and the opening portion
12e2 side. Among these sealing walls 36a, a hole is
drilled in the sealing wall 36a on the opening portion 12e2
side, and the pilot port 38 is connected to the pilot flow
path 36 on the opening portion 12e2 side. When the side
plate 50 is assembled, the pilot port 38 protrudes to the
outside of the side plate 50, and a tube member can be
connected to the pilot port 38. The pilot fluid is supplied
to the pilot port 38 at predetermined timing.

[0028] As shown in FIG. 3, the switching valve 18 is
configured as a spool valve in which a spool 60 is housed
inside the valve housing portion 54. The valve housing
portion 54 has therein a through hole 58 penetrating from
the top part 12c to a bottom part 12d side of the main
body 12. Both ends of the through hole 58 are sealed
with end caps 64, 66. The spool 60 and a sleeve 62 hous-
ing the spool 60 are accommodated in the through hole
58 between the end caps 64 and 66.

[0029] The end cap 64 is fitted into an end portion of
the through hole 58 on a top part 12c side. A storage
chamber 64a for storing the pilot fluid is formed inside
the end cap 64. The storage chamber 64a communicates
with the delay throttle valve 40 through a hole portion 64b
and constitutes a part of the volume portion 42 for storing
the pilot fluid.

[0030] The sleeve 62 is fitted into the through hole 58
between the end caps 64, 66. In the sleeve 62, a sliding
hole 62a is formed penetrating from the top part 12c side
to the bottom part 12d side. The spool 60 is slidably dis-
posed in the sliding hole 62a.

[0031] A drive piston chamber 68 is formed in the end
portion of the sleeve 62 on the top part 12c side. The
drive piston chamber 68 is a portion for housing a drive
piston 70 formed at one end of the spool 60. The drive
piston chamber 68 is partitioned by the drive piston 70
into a first empty chamber 72a on the top part 12c side
and a second empty chamber 72b on the bottom part
12d side. The first empty chamber 72a of the drive piston
chamber 68 communicates with the storage chamber
64a of the end cap 64. An opening portion 44a of the
compensation flow path 44 is formed in the second empty
chamber 72b of the drive piston chamber 68, and the
second empty chamber 72b communicates with the com-
pensation flow path 44.
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[0032] The sleeve 62 is formed with a first cutout hole
74 communicating with the firstthrottle valve 34, a second
cutout hole 76 communicating with the second connec-
tion port 32, and a third cutout hole 78 communicating
with the first flow path 14. The first cutout hole 74, the
second cutout hole 76, and the third cutout hole 78 are
formed to penetrate through the sleeve 62 in a thickness
direction.

[0033] Areturn piston chamber 82 for slidably housing
areturn piston 80 is formed at an end portion of the sleeve
62 on the bottom part 12d side. The return piston cham-
ber 82 is sealed by the end cap 66 fitted into the through
hole 58 from the bottom part 12d side. The return piston
chamber 82 is partitioned by the return piston 80 into an
empty chamber on the end cap 66 side and an empty
chamber on the top part 12c side. An empty chamber of
the return piston chamber 82 on the end cap 66 side
communicates with the first flow path 14 via a fourth cut-
out hole 86 constituting the return flow path 46. An empty
chamber of the return piston chamber 82 on the top part
12c side communicates with the first flow path 14.
[0034] The return piston 80 is formed at an end portion
of the spool 60 on the bottom part 12d side, and an end
surface of the return piston 80 serves as afourth pressure
receiving surface 80a. The fourth pressure receiving sur-
face 80a receives the supply pressure of the control tar-
get fluid flowing into the return piston chamber 82 through
the return flow path 46, and generates a biasing force
that urges the spool 60 toward the first position.

[0035] The biasing member 20 is housed in an empty
chamber between the return piston 80 and the end cap
66 in the return piston chamber 82. The biasing member
20 is, for example, a spring in the shape of a coil, and is
in contact with the fourth pressure receiving surface 80a
of the return piston 80. The biasing member 20 urges the
fourth pressure receiving surface 80a (spool 60) toward
the first position on the top part 12c side by its elastic
force. The elastic force (biasing force) of the biasing
member 20 is set to a value greater than the weight of
the spool 60, and prevents the spool 60 from moving
toward the bottom part 12d side (second position side)
when not in use, i.e., when neither the pilot fluid nor the
control target fluid is supplied.

[0036] AsshowninFIG.4,the drive piston 70 is formed
at one end of the spool 60 on the first position side (top
part 12c side). An end surface of the drive piston 70
serves as a first pressure receiving surface 70a, and gen-
erates a biasing force that biases the spool 60 toward
the second position upon receiving a supply force of the
pilot fluid.

[0037] A sliding portion 88 having a diameter smaller
than that of the drive piston 70 is formed on the second
position side of the drive piston 70. Further, a second
pressure receiving surface 70b is formed at a stepped
portion between the sliding portion 88 and the drive piston
70. The second pressure receiving surface 70b is formed
on an opposite side from the first pressure receiving sur-
face 70a, and generates a biasing force that biases the
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spool 60 toward the first position by receiving the supply
force of the pilot fluid. The second pressure receiving
surface 70b constitutes a part of the compensation mech-
anism 26. Since the area of the second pressure receiv-
ing surface 70b is smaller than the area of the first pres-
sure receiving surface 70a, when the internal pressure
of the storage chamber 64a sufficiently increases, the
biasing force of the first pressure receiving surface 70a
exceeds the biasing forces of the second pressure re-
ceiving surface 70b and the biasing member 20.

[0038] The sliding portion 88 extends toward the sec-
ond position side (bottom part 12d side). The sliding por-
tion 88 is formed with a first recessed portion 90, a first
partition wall 92, a second recessed portion 94, a second
partition wall 96, a third recessed portion 98, and the
return piston 80 in this order from the first position side.
A plurality of packing housing grooves 99 are formed in
predetermined portions of the spool 60. As shown in FIG.
3, an O-ring 97 is mounted in each of the packing housing
grooves 99 to seal a gap between the spool 60 and the
sleeve 62.

[0039] As shown in FIG. 3, when the spool 60 is in the
first position, the first recessed portion 90 communicates
with the first cutout hole 74, the second recessed portion
94 communicates with the second cutout hole 76, and
the third recessed portion 98 communicates with the third
cutouthole 78. Further, the first partition wall 92 air-tightly
(liquidtightly) partitions the first cutout hole 74 and the
second cutout hole 76. At this time, the second partition
wall 96 is disposed at the position of the second cutout
hole 76, and the second cutout hole 76 and the third
cutout hole 78 communicate with each other through the
third recessed portion 98. The first connection port 30
and the second connection port 32 are connected to each
other through the first flow path 14.

[0040] On the other hand, when the spool 60 is at the
second position on the bottom part 12d side, the first
partition wall 92 is disposed at the position of the second
cutout hole 76, and the first cutout hole 74 and the second
cutout hole 76 communicate with each other through the
first recessed portion 90. At this time, the second partition
wall 96 comes into close contact with an inner peripheral
surface of the sleeve 62 between the second cutout hole
76 and the third cutout hole 78, and communication be-
tween the second cutout hole 76 and the third cutout hole
78isblocked. When the spool60isinthe second position,
the first connection port 30 and the second connection
port 32 are connected through the second flow path 16
and the first throttle valve 34.

[0041] The time delay valve 10 according to the
present embodiment is configured as described above,
and the operation thereof will be described below.
[0042] As shown in FIG. 5, the time delay valve 10 is
connected to an operation switching valve 100 and is
used as a driving device for a fluid pressure device such
as an air cylinder. The illustrated fluid circuit is a fluid
circuit in which the flow rate of the control target fluid
discharged from a fluid discharge unit 114 is throttled
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after a predetermined delay time using the time delay
valve 10.

[0043] The operation switching valve 100 is a five-port
valve and has ports 102 to 110. The pilot port 38 is con-
nected to the first port 102, and the first connection port
30 is connected to the second port 104. The fluid dis-
charge unit 114 is connected to the third port 106 and
the fifth port 110, and a fluid supply source 112 is con-
nected to the fourth port 108. The fluid supply source 112
is, for example, a pressure line, an air compressor or the
like in a factory.

[0044] The operation switching valve 100 is switched
between afirst position and a second position. In the first
position of the operation switching valve 100, the first
port 102 and the fourth port 108 are connected to each
other, and the second port 104 and the fifth port 110 are
connected to each other. That is, the fluid supply source
112 is connected to the pilot port 38 to supply the pilot
fluid, and the fluid discharge unit 114 is connected to the
first connection port 30. Then, the pilot fluid is supplied
to the pilot flow path 36 through the pilot port 38.

[0045] Inthe time delay valve 10 in the initial state, the
switching valve 18 is disposed at the first position by the
biasing force of the biasing member 20, and the first con-
nection port 30 and the second connection port 32 com-
municate with each other through the first flow path 14.
A part of the pilot fluid flows into the compensation mech-
anism 26 through the compensation flow path 44
branched from the pilot flow path 36. Another part of the
pilot fluid flows into the volume portion 42 (storage cham-
ber 64a) at a predetermined flow rate through the delay
throttle valve 40 to gradually increase the pressure of the
pilot fluid acting on the drive mechanism 22.

[0046] As shown in FIG. 6, a biasing force 1 due to a
pressure acting on the second pressure receiving surface
70b (compensation mechanism 26) of the drive piston
70, a biasing force 2 due to a pressure acting on the first
pressure receiving surface 70a (drive mechanism 22),
and a biasing force 3 due to the biasing member 20, act
on the spool 60. The spool 60 (the switching valve 18) is
switched to the second position at timing when the bias-
ing force 2in the second position direction becomes larg-
er than a combined force of the biasing force 1 in the first
position direction and the biasing force 3.

[0047] When the switching valve 18 is switched to the
second position, the first connection port 30 and the sec-
ond connection port 32 shown in FIG. 5 are connected
to each other through the second flow path 16, and the
flow rate of the control target fluid is regulated by the first
throttle valve 34. As described above, the time delay
valve 10 operates such that the switching valve 18 is
switched after a predetermined delay time elapses from
the supply of the pilot fluid.

[0048] Here, when the pressure of the fluid supply
source 112 increases, the flow rate of the pilot fluid pass-
ing through the delay throttle valve 40 of the pilot flow
path 36 increases, the rising speed of the charge pres-
sure of the volume portion 42 becomes fast, and the in-
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crease of the biasing force 2 becomes fast. Conversely,
when the pressure when the pressure of the fluid supply
source 112 decreases, the flow rate of the pilot fluid pass-
ing through the delay throttle valve 40 decreases, and
the increase of the biasing force 2 is delayed. Therefore,
there is a concern that the timing of the switching oper-
ation of the switching valve 18 varies due to the fluctua-
tion of the pressure of the fluid supply source 112.
[0049] Therefore, in the time delay valve 10 according
to the present embodiment, the biasing force 1 is gener-
ated by applying the supply pressure of the pilot fluid to
the second pressure receiving surface 70b, prior to the
increase of the biasing force 2. Since the magnitude of
the biasing force 1 is proportional to the pressure of the
pilot fluid, the biasing force 1 acts to compensate the
increasing speed of the biasing force 2. That is, as the
pressure of the fluid supply source 112 increases, the
biasing force 1 increases accordingly. Then, the magni-
tude of the biasing force 2 required for switching the spool
60 increases, and the influence of the increase in the
increasing speed of the urging force 2 is cancelled, so
thatitis possible to suppress the variation of the switching
timing (delay time) of the spool 60.

[0050] In addition, when the pressure from the fluid
supply source 112 decreases, the supply pressure of the
pilot fluid acting on the second pressure receiving surface
70b also decreases. As a result, the biasing force 1 de-
creases, and the spool 60 can be switched with a smaller
biasing force 2. As a result, the influence due to the de-
crease in the increase rate of the biasing force 2 is can-
celed out, and the variation in the switching timing (delay
time) of the spool 60 can be suppressed.

[0051] In addition, the time delay valve 10 of the
present embodiment can stabilize the timing of the
switching operation of the spool 60 even in the return
operation. When the operation switching valve 100
shown in FIG. 5 is switched to the second position, the
first port 102 and the third port 106 are connected, and
the second port 104 and the fourth port 108 are connect-
ed. That is, the fluid supply source 112 is connected to
the first connection port 30 of the time delay valve 10,
and the fluid discharge unit 114 is connected to the pilot
port 38.

[0052] The pilot fluid stored in the volume portion 42
is discharged from the fluid discharge unit 114 via the
check valve 40b and the pilot flow path 36. Then, the
spool 60 (the switching valve 18) returns to the first po-
sition at timing when the pressure of the pilot fluid acting
on the drive mechanism 22 falls below the predetermined
value and the biasing force 2 in FIG. 6 falls below the
biasing force 3 of the biasing member 20. However, since
the amount of the pilot fluid stored in the volume portion
42 increases or decreases in accordance with the pres-
sure fluctuation of the fluid supply source 112 which is
the supply pressure of the pilot fluid, the timing at which
the spool 60 (the switching valve 18) returns to the first
position is affected by the pressure of the fluid supply
source 112.

10

15

20

25

30

35

40

45

50

55

[0053] Inthe presentembodiment, a part of the control
target fluid in the first connection port 30 is supplied to
the return piston chamber 82 of the return mechanism
28 through the return flow path 46 communicating with
the first connection port 30. The return piston 80 of the
return mechanism 28 generates a biasing force toward
the second position with a magnitude corresponding to
the supply pressure of the control target fluid (the pres-
sure of the fluid supply source 112). Since the biasing
force of the return mechanism 28 is superimposed on
the biasing force of the biasing member 20, the biasing
force of the return mechanism 28 acts so as to cancel
the change in the amount of the pilot fluid stored in the
volume portion 42. As a result, the time delay valve 10
can suppress variation in the timing of the return opera-
tion due to the fluctuation in the pressure of the fluid sup-
ply source 112.

[0054] FIG.7 isadiagramiillustrating a transition of the
charge pressure of the pilot air in the volume portion 42
of the time delay valve according to Comparative Exam-
ple and a state of variation of the switching timing (delay
time). In the time delay valve of Comparative Example,
the compensation flow path 44 of FIG. 6 is opened to the
atmosphere so that the biasing force 1 corresponding to
the pressure of the pilot fluid is not generated.

[0055] Here, an example is shown in which the supply
pressure of the pilot fluid from the fluid supply source 112
are varied by 0.1 MPa with respect to a reference pres-
sure of 0.4 MPa. As the pressure of the fluid supply source
112increases, the charge pressure of the volume portion
42 increases more rapidly. Also, as the pressure of the
fluid supply source 112 decreases, the increase in the
charge pressure of the volume portion 42 slows. In the
case where only the biasing force 3 of the biasing mem-
ber 20 acts on the spool 60, the spool 60 is switched
when the constant charge pressure 0.2 MPa is reached,
but the timing (delay time) of the switching operation
greatly varies due to the variation in the increasing speed
of the charge pressure.

[0056] On the other hand, as shown in FIG. 8, in the
time delay valve 10 of the present embodiment, since
the charge pressure of the volume portion 42 when the
spool 60 is switched is increased or decreased by the
compensation mechanism 26, the variation width of the
delay time can be suppressed.

[0057] The time delay valve 10 of the present embod-
iment has the following effects.

[0058] The time delay valve 10 according to the
presentembodimentincludes the switching valve 18 con-
figured to be switched between the first position and the
second position; the biasing member 20 configured to
bias the switching valve 18 toward the first position; the
drive mechanism 22 configured to bias the switching
valve 18 toward the second position under the action of
the supply pressure of the pilot fluid; the pilot flow path
36 configured to guide the pilot fluid to the drive mecha-
nism 22; and the delay mechanism 24 configured to delay
switching timing of the switching valve 18, wherein the
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delay mechanism 24 includes: the delay throttle valve 40
provided in the pilot flow path 36; and the compensation
mechanism 26 configured to bias the switching valve 18
toward the first position under the action of the supply
pressure of the pilot fluid.

[0059] Accordingtothe configurationdescribed above,
the biasing force 1 (see FIG. 6) corresponding to the pres-
sure of the pilot fluid can be applied to the switching valve
18 by the compensation mechanism 26. Thus, in accord-
ance with the fluctuation, the supply pressure of the pilot
fluid can change the biasing force 2 of the drive mecha-
nism 22 when the switching valve 18 is switched from
the first position to the second position, and the variation
width of the delay time due to the fluctuation in the supply
pressure of the pilot fluid can be suppressed.

[0060] In the time delay valve 10, the compensation
mechanism 26 may include a piston mechanism config-
ured to generate a biasing force opposite to that of the
drive mechanism 22 under the action of the supply pres-
sure of the pilot fluid. In accordance with this configura-
tion, it is possible to generate the biasing force 1 corre-
sponding to the supply pressure of the pilot fluid.
[0061] Inthetime delay valve 10 described above, the
compensation mechanism 26 is supplied with the pilot
fluid through the compensation flow path 44 branched
from the pilot flow path 36 on the upstream side of the
delay throttle valve 40. With this configuration, the supply
pressure of the pilot fluid can be quickly applied to the
compensation mechanism 26, and the switching timing
of the switching valve 18 can be stabilized.

[0062] The time delay valve 10 described above may
further include the first flow path 14 configured to allow
communication at the first position of the switching valve
18, the second flow path 16 configured to allow commu-
nication at the second position of the switching valve 18,
and the first throttle valve 34 provided in at least one of
thefirst flow path 14 orthe second flow path 16. According
to this configuration, the flow rate of the control target
fluid can be switched.

[0063] The time delay valve 10 described above may
further include the return mechanism 28 configured to
generate a biasing force opposite to that of the drive
mechanism 22, and the return flow path 46 branched
from the first flow path 14 or the second flow path 16 and
connected to the return mechanism 28. According to this
configuration, even when the supply pressure of the pilot
fluid fluctuates, the timing of the return operation of the
switching valve 18 can be stabilized.

[0064] Inthe time delay valve 10 described above, the
switching valve 18 includes the spool 60 and the sleeve
62 in which the spool 60 slides, the drive mechanism 22
includes the drive piston chamber 68 provided at one end
of the spool 60 and the drive piston 70 configured to par-
tition the drive piston chamber 68 into the first empty
chamber 72a on the first position side and the second
empty chamber 72b on the second position side, and the
drive piston 70 includes the first pressure receiving sur-
face 70a on a side of the first empty chamber 72a, the
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first pressure receiving surface 70a being configured to
receive the supply pressure of the pilot fluid to generate
the biasing force on the second position side. By inte-
grating the spool 60 and the drive piston 70 in this way,
the device configuration is simplified.

[0065] Inthe above-described time delay valve 10, the
drive piston 70 may be formed integrally with the spool
60, and the compensation mechanism 26 may include in
the drive piston 70 the second pressure receiving surface
70b that faces the second empty chamber 72b and is
provided on an opposite side from the first pressure re-
ceiving surface 70a. According to this configuration,
since the compensation mechanism 26 is provided in the
drive piston 70, the device configuration is simplified.
[0066] In the time delay valve 10 described above, the
area of the second pressure receiving surface 70b is
smaller than the area of the first pressure receiving sur-
face 70a. Thus, the pilotfluid can generate abiasing force
for switching the switching valve 18 from the first position
to the second position.

[0067] Inthe above-described time delay valve 10, the
return mechanism 28 may include the return piston 80
formed at the other end of the spool 60 and the return
piston chamber 82 configured to house the return piston
80. According to this configuration, the return piston 80
of the return mechanism 28 is integrated with the spool
60, and the device configuration is simplified.

[0068] In the time delay valve 10 described above, the
biasing member 20 may be disposed in the return piston
chamber 82. According to this configuration, the time de-
lay valve 10 can be miniaturized.

(Modification of First Embodiment)

[0069] As shown in FIG. 9, a time delay valve 11 ac-
cording to the present modification does not have the
second flow path 16 inside a main body 12A, and the
second flow path 16 and the first throttle valve 34 are
externally provided. In the configuration of the time delay
valve 11in FIG. 9, the same components as those of the
time delay valve 10 described with reference to FIGS. 1
to 6 are designated by the same reference numerals, and
detailed description of such features will be omitted.
[0070] AsshowninFIG. 9, the time delay valve 11 has
the first flow path 14 that connects the first connection
port 30 and the second connection port 32 of the main
body 12A, and a switching valve 18A is provided in the
first flow path 14. The switching valve 18A is switchable
between afirst position and a second position. In the first
position, the switching valve 18A allows the fluid in the
first flow path 14 to flow therethrough, and prevents the
fluid in the first flow path 14 from allowing therethrough,
in the second position.

[0071] Similarly to the switching valve 18 according to
the first embodiment, the switching valve 18A is biased
to the first position by the biasing member 20. When the
supply of the pilot fluid to the drive mechanism 22, the
delay mechanism 24, and the compensation mechanism
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26 is started, the switching valve 18A is switched to the
second position after a predetermined delay period (de-
lay time) has elapsed, and the passage of the control
target fluid through the first flow path 14 is blocked.
[0072] When the second flow path 16 having the first
throttle valve 34 is connected to the time delay valve 11
in parallel, as an external member, the flow rate of the
control target fluid can be throttled after the lapse of a
predetermined delay time, and the same function as that
of the time delay valve 10 can be obtained.

[0073] Similarly to the time delay valve 10 according
to the first embodiment, the time delay valve 11 of the
presentmodification can suppress variation of the switch-
ing timing (delay time) due to fluctuation of the supply
pressure of the pilot fluid.

[0074] The switching valve 18A of the time delay valve
11 is not limited to a two-port valve, but may be a five-
port valve or the like. The device provided in the second
flow path 16 is not limited to the first throttle valve 34,
and various devices may be connected in place of the
first throttle valve 34.

(Second Embodiment)

[0075] In the present embodiment, a flow rate control-
ler 150 using the time delay valve 10 according to the
first embodiment will be described. As shown in FIG. 10,
the flow rate controller 150 constitutes a fluid circuit for
driving a fluid pressure cylinder 120. The flow rate con-
troller 150 includes a first module 10A and a second mod-
ule 10B, both of which have the same structure as that
of the time delay valve 10 of FIG. 1. In the configurations
of the first module 10A and the second module 10B, the
same components as those of the time delay valve 10 of
FIG. 1 are designated by the same reference numerals,
and detailed description of such features will be omitted.
[0076] AsshowninFIG. 10, the fluid pressure cylinder
120 is a double acting type cylinder, and a piston 120a
is provided inside a cylinder chamber 121. The piston
120a divides the cylinder chamber 121 of the fluid pres-
sure cylinder 120 into a head-side empty chamber 121a
and a rod-side empty chamber 121b. Fluid is supplied to
and discharged from the head-side empty chamber 121a
through a head-side port 122, and fluid is supplied to and
discharged from the rod-side empty chamber 121b
through a rod-side port 124. The piston 120ais displaced
in the axial direction while sliding on the inner wall of the
cylinder chamber 121 by the fluid (control target fluid)
supplied to and discharged from the head-side port 122
and the rod-side port 124. A piston rod 120b is connected
to the piston 120a, and the piston rod 120b is displaced
integrally with the piston 120a.

[0077] The flow rate controller 150 has a function of
performing two-stage speed control for switching the
speed of the piston 120a (and the piston rod 120b) of the
fluid pressure cylinder 120 from a first speed which is a
higher speed to a second speed which is a lower speed.
The flow rate controller 150 can be suitably used when
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it is required to reduce the impact at the stroke end of
the fluid pressure cylinder 120 and to shorten the cycle
time by realizing a high-speed operation. Hereinafter, the
specific structure of the flow rate controller 150 will be
described.

[0078] The flow rate controller 150 includes a first sup-
ply and discharge path 116 connected to the head-side
port 122, a second supply and discharge path 118 con-
nected to the rod-side port 124, the operation switching
valve 100 that switches and connects the fluid supply
source 112 and the fluid discharge unit 114 to the first
supply and discharge path 116 and the second supply
and discharge path 118, speed adjusting units 126 and
128 that regulate the first operation speed of the fluid
pressure cylinder 120, and the first module 10A and the
second module 10B that regulate the second operation
speed.

[0079] The first speed and the second module 10B are
connected to the first supply and discharge path 116.
The first speed adjusting unit 126 is a member that reg-
ulates an operation speed at the high first speed in a
return stroke in which the piston rod 120b of the fluid
pressurecylinder 120 is pulledin. Thefirstspeed includes
a check valve 126a and a throttle valve 126b. The check
valve 126a is connected in parallel with the throttle valve
126b in such a direction as to allow the fluid supplied to
the fluid pressure cylinder 120 to pass therethrough with-
outresistance. When the piston 120a of the fluid pressure
cylinder 120 moves to the head side, the first speed ad-
justing unit 126 regulates the operation speed of the fluid
pressure cylinder 120 by throttling the flow rate of the
fluid discharged from the head-side port 122 by the throt-
tle valve 126b. That is, the first speed adjusting unit 126
constitutes a meter-out speed controller that regulates
the operation speed by the fluid discharged from the fluid
pressure cylinder 120.

[0080] The second module 10B is connected between
the first speed adjusting unit 126 and the operation
switching valve 100 in the first supply and discharge path
116. In the second module 10B, the second connection
port 32 is connected to the first speed adjusting unit 126,
and the first connection port 30 is connected to the op-
eration switching valve 100. After a lapse of a predeter-
mined delay time from the start of the return stroke of the
fluid pressure cylinder 120, the second module 10B
switches the flow path of the control target fluid from the
first flow path 14 to the second flow path 16 to reduce
the flow rate of the control target fluid, thereby setting to
the operation speed to the low second speed. The pilot
flow path 36 of the second module 10B is connected to
the second supply and discharge path 118 via a second
intersection flow path 130B. That is, the pilot fluid of the
second module 10B is supplied from the second supply
and discharge path 118 on the opposite side.

[0081] The second speed adjusting unit 128 and the
first module 10A are connected to the second supply and
discharge path 118. The second speed adjusting unit 128
is configured in the same manner as the first speed ad-
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justing unit 126, and configures a meter-out speed con-
troller that allows the flow in the direction of being sup-
plied to the fluid pressure cylinder 120 to pass there-
through without resistance and regulates the flow in the
opposite direction. The second speed adjusting unit 128
regulates an operation speed at the high first speed in a
drive stroke in which the piston rod 120b of the fluid pres-
sure cylinder 120 is extended.

[0082] The first module 10A is connected between the
second speed adjusting unit 128 and the operation
switching valve 100 in the second supply and discharge
path 118. The configuration of the first module 10A is
similar to that of the second module 10B. The pilot flow
path 36 of the first module 10A is connected to the first
supply and discharge path 116 via a first intersection flow
path 130A. As described above, the pilot flow paths 36
of the first module 10A and the second module 10B are
connected to the supply and discharge paths 116 and
118, respectively, on the opposite sides so as to cross
each other.

[0083] Note that the first speed adjusting unit 126 and
the second speed adjusting unit 128 are not limited to
meter-out speed controllers, and may be configured as
meter-in speed controllers by connecting the check
valves 126a and 128a in opposite directions.

[0084] The operation switching valve 100 is similar to
the operation switching valve 100 described with refer-
ence to FIG. 5. The first port 102 of the operation switch-
ing valve 100 is connected to the second supply and dis-
charge path 118, the second port 104 is connected to
the first supply and discharge path 116, the third port 106
and the fifth port 110 are connected to the fluid discharge
unit 114, and the fourth port 108 is connected to the fluid
supply source 112.

[0085] The circuit configuration of the flow rate control-
ler 150 according to the present embodiment is as de-
scribed above. Further, the first module 10A and the sec-
ond module 10B may be configured as an integrated
valve unit 140. Hereinafter, the valve unit 140 will be de-
scribed with reference to FIGS. 11 and 12.

[0086] As shownin FIG. 11, the valve unit 140 is con-
figured by connecting two modules, i.e., the first module
10A and the second module 10B, each having the body
12. The internal configuration of each of the first module
10A and the second module 10B is the same as that of
the time delay valve 10 in FIG. 2. However, as shown in
FIG. 12, a flow path connecting member 130 is provided
in order to connect the pilot flow paths 36 of the first mod-
ule 10A and the second module 10B to the supply and
discharge paths 116 and 118 on the opposite side so as
to cross each other.

[0087] The flow path connecting member 130 includes
the first intersection flow path 130A that connects the
connection port 56 of the second module 10B and the
pilot flow path 36 of the first module 10A, and the second
intersection flow path 130B that connects the connection
port 56 of the first module 10A and the pilot flow path 36
of the second module 10B. The flow path connecting
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member 130 is connected to the pilot flow paths 36 so
as to be sandwiched between the first intersection flow
path 130A and the second intersection flow path 130B.
In the second module 10B, respective holes are drilled
in the sealing wall 56a of the connection port 56 on an
opening portion 12e2 side and the sealing wall 36a of
the pilot flow path 36 on the opening portion 12e2 side.
In addition, in the first module 10A, respective holes are
drilled in the sealing wall 56a of the connection port 56
on an opening portion 12e1 side and the sealing wall 36a
of the pilot flow path 36 on the opening portion 12e1 side.
[0088] As shown in FIG. 11, both side portions of the
firstmodule 10A and the second module 10B are covered
with side plates 50A, and connected by bolts. A sealing
member (not shown) is provided at a portion of the side
plate 50A corresponding to the pilot flow path 36, and
the opening portion of the pilot flow path 36 is sealed by
the side plate 50A.

[0089] The flow rate controller 150 according to the
present embodiment is configured as described above,
and the operations and actions will be described below.
[0090] InFIG. 13, the horizontal axis indicates the pas-
sage of time, and the operation of controlling the flow
rate of the control target fluid is performed in accordance
with the switching operation of the operation switching
valve 100. A valve signal indicates the switching state of
the operation switching valve 100 of the flow rate con-
troller 150. Inan"ON" state, the first supply and discharge
path 116 is connected to the fluid supply source 112, and
in an "OFF" state, the second supply and discharge path
118 is connected to the fluid supply source 112.

[0091] A cylinder stroke indicates a stroke direction of
the fluid pressure cylinder 120, "DRIVE" indicates that a
drive stroke for extending the piston rod 120b is per-
formed, and "RETURN" indicates that a return stroke for
pulling in the piston rod 120b is performed.

[0092] In the first module 10A and the second module
10B in FIG. 13, "1" indicates that the spool 60 is at the
first position, and "2" indicates that the spool 60 is at the
second position. That s, "1" in the first module 10A and
the second module 10B indicates that the flow path is
the first flow path 14, and "2" in the first module 10A and
the second module 10B indicates that the flow path is
the second flow path 16. Each of the ranges indicated
by arrows in the drawing is a delay time until the spools
60 of the first module 10A and the second module 10B
are switched due to switching of the operation switching
valve 100, and is operation timing in which the influence
of supply pressure of the pilot fluid may be exerted.
[0093] Hereinafter, the operation of the flow rate con-
troller 150 when the valve signal of the operation switch-
ing valve 100 is switched from OFF to ON will be de-
scribed.

[0094] As shown in FIG. 14, when the valve signal of
the operation switching valve 100 is switched from OFF
to ON, the first port 102 and the fourth port 108 of the
operation switching valve 100 are connected to each oth-
er, and the second supply and discharge path 118 is con-
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nected to the fluid supply source 112. The control target
fluid is supplied to the fluid pressure cylinder 120 via the
second module 10B to start the drive stroke. Note that
the operation of the first supply and discharge path 116
and the second module 10B during the drive stroke is
the same as the operation of the first module 10A of the
second supply and discharge path 118 during the return
stroke described with reference to FIGS. 18 and 19, and
thus the description thereof is omitted here.

[0095] Immediately before the valve signal of the op-
eration switching valve 100 is switched from OFF to ON,
the switching valve 18 of the first module 10A is located
at the first position which is the initial position, and the
pilot fluid is released from the drive mechanism 22 and
the volume portion 42. As shown in FIG. 14, at the first
position of the switching valve 18, the flow path of the
control target fluid in the first module 10A is the first flow
path 14, and the flow rate of the fluid discharged via the
first supply and discharge path 116 is regulated only by
the first speed adjusting unit 126.

[0096] Whenthe signalofthe operation switching valve
100 is switched from OFF to ON, the pilot fluid in the first
supply and discharge path 116 flows into the pilot flow
path 36 through the first intersection flow path 130A. A
portion of the pilot fluid is supplied to the compensation
mechanism 26 through the compensation flow path 44,
and the compensation mechanism 26 generates a bias-
ing force having a magnitude corresponding to the supply
pressure of the pilot fluid. The pilot fluid in the pilot flow
path 36 flows into the volume portion 42 while being reg-
ulated by the delay throttle valve 40, and the pressure of
the pilot fluid acting on the drive mechanism 22 gradually
increases.

[0097] At timing when the biasing force of the drive
mechanism 22 exceeds the biasing forces of the biasing
member 20 and the compensation mechanism 26, the
switching valve 18 is switched to the second position as
shown in FIG. 15. The flow rate of the fluid discharged
via the first supply and discharge path 116 is further throt-
tled by the first throttle valve 34 provided in the second
flow path 16 of the first module 10A in addition to the
second speed adjusting unit 128. As a result, the oper-
ation speed of the fluid pressure cylinder 120 is switched
to the low second speed.

[0098] Here, with reference to FIGS. 16 and 17, a de-
scription will be given of results obtained by examining
the charging characteristics indicating changes in charge
pressures, which are pressures of the pilot fluid acting
on the drive mechanism 22 of the first module 10A, and
loci indicating changes over time in the stroke positions
of the fluid pressure cylinder 120, with respect to each
of Comparative Example 2 and the present embodiment.
Here, the results of supplying compressed air at pres-
sures of 0.3 MPa, 0.4 MPa, and 0.5 MPa from the fluid
supply source 112 are shown.

[0099] Comparative Example 2 shown in FIG. 16
shows a result of a case where the flow rate controller is
configured by a time delay valve not including the com-
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pensation mechanism 26. Attention is paid to the loci of
the fluid pressure cylinder 120 when the flow rate con-
troller of Comparative Example 2 is used. In this flow rate
controller, the delay throttle valve 40 is adjusted so that
the pressure of the fluid supply source 112 becomes op-
timum at 0.4 MPa. However, if the fluid supply source
112 increases or decreases by =0.1 MPa, the adjust-
ment becomes improper, causing bouncing or the like at
the end of the stroke of the fluid pressure cylinder 120
and increasing the variation in the timing of the end of
the stroke. As described above, in the flow rate controller
of Comparative Example 2 that does not include the com-
pensation mechanism 26, the variation in the stroke end
time of the fluid pressure cylinder 120 becomes large.
[0100] The fluid pressure cylinder 120 is used by being
incorporated in a production line of a factory. If the vari-
ation in the stroke end time of the fluid pressure cylinder
120 is large, there is a concern that interference may
occur between a member connected to the fluid pressure
cylinder 120 and other devices. From the viewpoint of
preventing such interference, it is necessary to provide
a relatively large safety margin when setting the valve
signal for operating the fluid pressure cylinder 120. As a
result, the cycle time of the fluid pressure cylinder 120 is
increased.

[0101] As shownin FIG. 17, in the first module 10A of
the flow rate controller 150 of the present embodiment,
a step appears near 0.4 seconds in each of the charging
characteristics of the first module 10A. This step is
caused by the movement of the spool 60 of the switching
valve 18, and indicates the timing at which the switching
valve 18 of the first module 10A switches. As shown in
the drawing, the time at which the steps of the charging
characteristics occur hardly change from 0.3 MPa to 0.5
MPa, and it is understood that the variation of the delay
time is suppressed.

[0102] Focusing on the loci of the fluid pressure cylin-
der 120 in FIG. 17, it can be seen that the variation in the
loci of the fluid pressure cylinder 120 is suppressed, and
the variation width in the end time of the stroke of the
piston 120a is smaller than thatin Comparative Example
2. As described above, by using the flow rate controller
150 of the present embodiment, it is possible to suppress
the variation in the loci of the fluid pressure cylinder 120
due to the pressure fluctuation of the fluid supply source
112. Therefore, it is possible to reduce wasteful waiting
time of the switching of the valve signal and to shorten
the cycle time of the fluid pressure cylinder 120.

[0103] Next, the operation of the flow rate controller
150 when the valve signal of the operation switching
valve 100 is switched from "ON" to "OFF" will be de-
scribed.

[0104] As shown in FIG. 18, when the valve signal of
the operation switching valve 100 is switched from ON
to OFF, the second supply and discharge path 118 is
connected to the fluid discharge unit 114, and the first
supply and discharge path 116 is connected to the fluid
supply source 112. Note that the operation of the first
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supply and discharge path 116 and the second module
10B is the same as the operation of the first module 10A
described with reference to FIGS. 14 and 15, and the
description thereof will be omitted. Immediately after the
valve signal of the operation switching valve 100 is
switched from "ON" to "OFF", the volume portion 42 of
the first module 10A is charged with the pilot fluid, and
the switching valve 18 is held at the second position by
the action of the biasing force of the drive mechanism 22.
[0105] Thereafter, when a predetermined time elaps-
es, the pilot fluid charged in the compensation mecha-
nism 26 and the volume portion 42 is discharged to the
first supply and discharge path 116. In addition, a part of
the control target fluid in the second supply and discharge
path 118 flows into the return mechanism 28 through the
return flow path 46. At timing when the pressure of the
pilot fluid in the volume portion 42 decreases and the
biasing force of the drive mechanism 22 falls below the
biasing forces of the biasing member 20 and the return
mechanism 28, the switching valve 18 returns to the first
position as shown in FIG. 19. Then, the control target
fluid is supplied to the fluid pressure cylinder 120 through
the second module 10B, and the stroke of the fluid pres-
sure cylinder 120 is started.

[0106] Asdescribedabove, since the stroke of the fluid
pressure cylinder 120 is started at the timing at which the
switching valve 18 returns to the first position, if the return
timing of the switching valve 18 varies, the stroke of the
fluid pressure cylinder 120 varies. The amount of pilot
fluid charged in the volume portion 42 increases or de-
creases in accordance with the supply pressure of the
fluid supply source 112. On the other hand, in the present
embodiment, since the biasing force corresponding to
the supply pressure of the fluid supply source 112 is add-
ed to the biasing force of the biasing member 20 through
the return mechanism 28, it is possible to cancel the in-
fluence of the increase or decrease in the amount of the
pilot fluid charged in the volume portion 42 by the return
mechanism 28.

[0107] Hereinafter, with reference to FIGS. 20 and 21,
a description will be given of results obtained by exam-
ining the charging characteristics of the first module 10A
and the loci of the stroke of the fluid pressure cylinder
120 when the operation switching valve 100 is switched
from "ON" to "OFF" with respect to each of the flow rate
controller of Comparative Example 3 and the flow rate
controller 150 of the present embodiment. Here, the re-
sults are shown when the supply pressures of the com-
pressed air of the fluid supply source 112 are 0.3 MPa,
0.4 MPa, and 0.5 MPa. The flow rate controller of Com-
parative Example 3 is constituted by a time delay valve
that does not include the return mechanism 28.

[0108] As shown in FIG. 20, in the flow rate controller
of Comparative Example 3, the pilot pressure of the vol-
ume portion 42 tends to decrease earlier in the order of
0.3 MPa, 0.4 MPa, and 0.5 MPa for the pressure of the
fluid supply source 112. In addition, the loci of the fluid
pressure cylinder 120 rise after a delay time ranging from
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0.15 seconds to 0.25 seconds after the valve signal is
switched. Thus, there is variation in the time until the
piston 120a of the fluid pressure cylinder 120 starts to
operate. As described above, in the flow rate controller
of Comparative Example 3 configured by the time delay
valve without the return mechanism 28, it is found that
the start timing of the stroke of the fluid pressure cylinder
120 is greatly affected by the fluid supply source 112.
[0109] On the other hand, as shown in FIG. 21, in the
flow rate controller 150 of the present embodiment, al-
though the charging characteristics show the same ten-
dency as those of the flow rate controller of Comparative
Example 3, the loci of the fluid pressure cylinder 120 rise
about 0.25 seconds after the valve signal is switched,
and it can be seen that the delay time until the start of
the stroke of the fluid pressure cylinder 120 is shorter
than that of Comparative Example 3. In addition, even if
the supply pressure of the fluid supply source 112 chang-
es in the range of 0.3 to 0.5 MPa, the rising time of each
of the loci does not change, and it can be seen that the
start timing of the stroke of the fluid pressure cylinder 120
is not affected by the pressure fluctuation of the fluid sup-
ply source 112.

[0110] Fromtheabove results, itcan be confirmedthat,
according to the flow rate controller 150 of the present
embodiment, the delay time until the start of the stroke
of the fluid pressure cylinder 120 can be shortened, and
that the variation in the stroke start timing of the fluid
pressure cylinder 120 can be suppressed even when the
supply pressure of the fluid supply source 112 fluctuates.
Therefore, according to the flow rate controller 150 of the
present embodiment, it is possible to shorten the waiting
time set in the valve signal and to shorten the cycle time.
[0111] The flow rate controller 150 of the present em-
bodiment realizes the following advantageous effects.
[0112] The flow rate controller 150 includes the first
supply and discharge path 116 configured to supply and
discharge fluid to and from the head-side port (one port)
122 of the fluid pressure cylinder 120, the second supply
and discharge path 118 configured to supply and dis-
charge fluid to and from rod-side port (another port) 124
of the fluid pressure cylinder 120, the operation switching
valve 100 configured to switch and connect the fluid sup-
ply source 112 and the fluid discharge unit 114 to the first
supply and discharge path 116 and the second supply
and discharge path 118, the fluid supply source 112 being
configured to supply the control target fluid and the fluid
discharge unit 114 being configured to discharge fluid,
and the time delay valves (first module 10A and second
module 10B) provided in the first supply and discharge
path 116 and the second supply and discharge path 118,
respectively, wherein each of the time delay valves (first
module 10A and second module 10B) includes the
switching valve 18 configured to be switched between
the first position and the second position, the biasing
member 20 configured to bias the switching valve 18 to-
ward the first position, the drive mechanism 22 config-
ured to bias the switching valve 18 toward the second
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position under the action of the supply pressure of the
pilot fluid, the pilot flow path 36 configured to guide the
pilot fluid to the drive mechanism 22, and the delay mech-
anism 24 configured to delay the switching timing of the
switching valve 18, and wherein the delay mechanism
24 includes the first throttle valve 34 provided in the pilot
flow path 36, and the compensation mechanism 26 con-
figured to bias the switching valve 18 toward the first po-
sition under the action of the supply pressure of the pilot
fluid.

[0113] According to the above-described configura-
tion, even if the supply pressure of the pilot fluid fluctu-
ates, it is possible to suppress the variation in the delay
time of each of the first module 10A and the second mod-
ule 10B and to suppress variation in the loci of the fluid
pressure cylinder 120. As a result, the waiting time at the
time of switching the operation of the fluid pressure cyl-
inder 120 can be reduced, and the cycle time of the fluid
pressure cylinder 120 can be shortened to improve the
operation speed.

[0114] In the flow rate controller 150 described above,
the pilot flow path 36 of the second module 10B (time
delay valve) of the first supply and discharge path 116
may be connected to the second supply and discharge
path 118, and the pilot flow path 36 of the first module
10A (time delay valve) of the second supply and dis-
charge path 118 may be connected to the first supply
and discharge path 116. Thus, the device configuration
of the flow rate controller 150 can be simplified.

[0115] Although descriptions of preferred embodi-
ments of the present invention have been presented
above, it should be understood that the present invention
is not limited to the above-described embodiments, but
various changes and modifications may be made within
arange that does not deviate from the essence and gist
of the present invention.

Claims
1. Atime delay valve (10) comprising:

a switching valve (18) configured to be switched
between a first position and a second position;
a biasing member (20) configured to bias the
switching valve toward the first position;

a drive mechanism (22) configured to bias the
switching valve toward the second position un-
der an action of a supply pressure of a pilot fluid;
a pilot flow path (36) configured to guide the pilot
fluid to the drive mechanism; and

a delay mechanism (24) configured to delay
switching timing of the switching valve,
wherein the delay mechanism includes:

a delay throttle valve (40) provided in the
pilot flow path; and
a compensation mechanism (26) config-
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ured to bias the switching valve toward the
first position under an action of the supply
pressure of the pilot fluid.

2. The time delay valve according to claim 1, wherein
the compensation mechanism includes a piston
mechanism configured to generate a biasing force
opposite to that of the drive mechanism under the
action of the supply pressure of the pilot fluid.

3. The time delay valve according to claim 2, wherein
the compensation mechanismis supplied with a pilot
fluid through a compensation flow path (44)
branched from the pilot flow path on an upstream
side of the delay throttle valve.

4. The time delay valve according to any one of claims
1 to 3, further comprising:

a first flow path (14) configured to allow commu-
nication at the first position of the switching
valve;

a second flow path (16) configured to allow com-
munication at the second position of the switch-
ing valve; and

a first throttle valve (34) provided in at least one
of the first flow path or the second flow path.

5. The time delay valve according to claim 4, further
comprising:

areturn mechanism (28) configured to generate
abiasing force opposite to that of the drive mech-
anism; and

a return flow path (46) branched from the first
flow path or the second flow path and connected
to the return mechanism.

6. The time delay valve according to claim 5, wherein
the switching valve includes a spool (60) and a
sleeve (62) in which the spool slides,

the drive mechanism includes a drive piston
chamber (68) provided at one end of the spool
and a drive piston (70) configured to partition
the drive piston chamber into a firstempty cham-
ber (72a) and a second empty chamber (72b),
and

the drive piston includes a first pressure receiv-
ing surface (70a) on a side of the first empty
chamber, thefirst pressure receiving surface be-
ing configured to receive the supply pressure of
the pilot fluid to generate the biasing force to-
ward the second position.

7. The time delay valve according to claim 6, wherein
the drive piston is formed integrally with the spool,
and the compensation mechanism includes in the
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drive piston a second pressure receiving surface
(70b) that faces the second empty chamber and is
provided on an opposite side from the first pressure
receiving surface.

The time delay valve according to claim 7, wherein
an area of the second pressure receiving surface is
smaller than an area of the first pressure receiving
surface.

The time delay valve according to claim 8, wherein
the return mechanism comprises a return piston (80)
formed atanother end of the spooland areturn piston
chamber (82) configured to house the return piston.

The time delay valve according to claim 9, wherein
the biasing member is disposed in the return piston
chamber.

A flow rate controller (150) comprising:

a first supply and discharge path (116) config-
ured to supply and discharge fluid to and from
one port (122) of a fluid pressure cylinder (120);
a second supply and discharge path (118) con-
figured to supply and discharge fluid to and from
another port (124) of the fluid pressure cylinder;
an operation switching valve (100) configured
to switch and connect a fluid supply source (112)
and afluid discharge unit (114) to the first supply
and discharge path and the second supply and
discharge path, the fluid supply source being
configured to supply a control target fluid and
the fluid discharge unit being configured to dis-
charge fluid; and

time delay valves (10A, 10B) provided in the first
supply and discharge path and the second sup-
ply and discharge path, respectively,

wherein each of the time delay valves compris-
es:

a switching valve (18) configured to be
switched between a first position and a sec-
ond position;

a biasing member (20) configured to bias
the switching valve toward the first position;
a drive mechanism (22) configured to bias
the switching valve toward the second po-
sition under an action of a supply pressure
of a pilot fluid;

a pilot flow path (36) configured to guide the
pilot fluid to the drive mechanism; and
adelay mechanism (24) configured to delay
switching timing of the switching valve, and
wherein the delay mechanism comprises:

a first throttle valve (34) provided in the
pilot flow path; and
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a compensation mechanism (26) con-
figured to bias the switching valve to-
ward the first position under an action
of the supply pressure of the pilot fluid.

12. The flow rate controller according to claim 11, where-

in the pilot flow path of the time delay valve of the
first supply and discharge path is connected to the
second supply and discharge path, and the pilot flow
path of the time delay valve of the second supply
and discharge path is connected to the first supply
and discharge path.
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